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[1] Motions of three hundred and sixty Global Positioning
System (GPS) sites in Canada and the United States yield a
detailed image of the vertical and horizontal velocity fields
within the nominally stable interior of the North American
plate. By far the strongest signal is the effect of glacial
isostatic adjustment (GIA) due to ice mass unloading during
deglaciation. Vertical velocities show present-day uplift
(~10 mm/yr) near Hudson Bay, the site of thickest ice at the
last glacial maximum. The uplift rates generally decrease
with distance from Hudson Bay and change to subsidence
(1-2 mm/yr) south of the Great Lakes. The “hinge line”
separating uplift from subsidence is consistent with data
from water level gauges along the Great Lakes, showing
uplift along the northern shores and subsidence along the
southern ones. Horizontal motions show outward motion
from Hudson Bay with complex local variations especially in
the far field. Although the vertical motions are generally
consistent with the predictions of GIA models, the horizontal
data illustrate the need and opportunity to improve the models
via more accurate descriptions of the ice load and laterally
variable mantle viscosity. Citation: Sella, G. F., S. Stein, T. H.
Dixon, M. Craymer, T. S. James, S. Mazzotti, and R. K. Dokka
(2007), Observation of glacial isostatic adjustment in ‘‘stable’’
North America with GPS, Geophys. Res. Lett., 34, 102306,
doi:10.1029/2006GL027081.

1. Introduction

[2] Postglacial rebound or glacial isostatic adjustment
(GIA) is the response of the solid Earth to the changing
surface load brought about by the waxing and waning of
large-scale ice sheets and glaciers. In the past 20,000 years
ice melting and associated GIA have caused up to several
hundred meters of relative sea-level rise in different parts of
North America. Tilting of relic lake shorelines, changes to
modern lake levels, and secular changes to surface gravity
observations are other manifestations of the land uplift and
subsidence brought about by GIA.
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[3] GIA provides insight into three major earth processes
or structures. First, the delayed response to deglaciation is
one of the few ways of constraining the viscosity structure
of the mantle, which is crucial for understanding the mantle
convection process that gives rise to plate motions and has a
profound role in the planet’s thermal history [Peltier, 1998a;
Schubert et al., 2001]. Second, GIA signals can provide a
powerful constraint on the distribution and thickness of ice
since the last glacial maximum, about 21,000 years ago.
Although the general pattern is known from glacial geo-
morphology, significant questions remain for which GIA
can provide important information [Dyke et al., 2002;
Tarasov and Peltier, 2004; Peltier, 2004]. Third, GIA is
suspected to be a major cause of deformation within
continental plates, and thus a possible cause or trigger of
seismicity in eastern North America and other formerly
glaciated areas [e.g., Stein et al., 1979, 1989; James and
Bent, 1994; Wu and Johnston, 2000; Grollimund and
Zoback, 2001; Mazzotti and Adams, 2005].

2. Observations

[4] Until recently, present-day observations of GIA were
limited in two important ways. First, horizontal motions
could not be accurately observed. Second, vertical motions
were measured almost exclusively along coasts via sea and
lake level changes, which require climatic, hydrographic
and tectonic corrections. Regional leveling lines do provide
constraints, but their high costs have made them prohibitive
and so in North America these are limited especially in the
area of largest uplift near Hudson Bay [Carrera et al.,
1991]. The advent of space-geodesy, in particular GPS has
change the situation because of its lower costs compared to
first order level lines and measures 3-dimensional crustal
velocities with accuracies of less than a few mm/yr. GIA
motions were successfully observed with space geodesy in
Scandinavia [e.g., Milne et al., 2001] and have been a target
of study across the much larger area affected by GIA in
North America (Scandinavia is roughly the size of Hudson
Bay). Initial studies used Very Long Baseline Interferom-
etry and Satellite Laser Ranging data, which are very
sparse owing to the cost and large installations required.
Although the observations were consistent with motions
expected from GIA [James and Lambert, 1993; Mitrovica
et al., 1993; Argus et al., 1999], their utility was limited
by their sparse coverage. First-order features of GIA
deformation were also confirmed locally by absolute and
relative gravity measurements [Larson and van Dam,
2000; Lambert et al., 2001; Pagiatakis and Salib, 2003]
and regional GPS surveys [Park et al., 2002].
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